Abstract: Analysis of lipids and hydrocarbons is performed frequently in recent and ancient plant tissues, soils, sediments, peat deposits, oil, rocks, anthropogenic artifacts (archeological samples), and other materials to trace the contribution of different biological and anthropogenic sources of organic matter as well as environmental changes and the fate of organic matter like degradation. The approaches for the analysis of lipids and hydrocarbons strongly vary from traditional methodologies like thin-layer chromatography to universal approaches like pyrolysis, whereas the preparative separation of lipid fractions based on their polarity enables gas-chromatographic analyses of single fractions and compound-specific analysis of stable (2H/1H, 13C/12C) and radioactive (14C) isotope compositions. Often, lipid extraction operationally defines a subfraction of total lipids. On the one hand, free extractable lipids are obtained by extraction with organic solvents, whereas on the other hand, total samples or extraction residues are extracted for more polar lipid fractions using highly polar organic solvents and water, to release bound lipids. Procedures for extraction of free extractable lipids are diverse and mainly defined by the target of research and availability of instrumentation. In the current protocol, state-of-the-art techniques for the investigation of free extract-able lipids in various materials are explained, which can be applied even in laboratory environments with limited technical equipment. The protocols cover sample preparation, extraction, purification, analysis, as well as a brief overview of the data evaluation using lipid molecular proxies and compound-specific isotopes. Metadata of the chapter that will be visualized online Often, lipid extraction operationally defines a subfraction of total lipids. On the one hand, free extractable lipids are obtained by extraction with organic solvents, whereas on the other hand, total samples or extraction residues are extracted for more polar lipid fractions using highly polar organic solvents and water, to release bound lipids. Also, procedures for extraction of free extractable lipids are diverse and mainly defined by the target of research and availability of instrumentation. In the current protocol, state-of-the-art techniques for the investigation of free extractable lipids in various materials are explained, which can be applied even in laboratory environments with limited technical equipment. The protocols cover sample preparation, extraction, purification, analysis, as well as a brief overview of the data evaluation using lipid molecular proxies and compound-specific isotopes. Keywords (separated by '-') Alkanes -Biomarkers -Fatty acids -Gas chromatography -Lipid extractionLipid fraction -Molecular proxies -Preparative separation -Solid-phase extraction purification, analysis, as well as a brief overview of the data evaluation using lipid molecular proxies and 21 compound-specific isotopes.
Introduction

25
Lipids and polycyclic aromatic hydrocarbons (PAHs) comprise a 26 broad diversity of biomarkers that have been analyzed with various 27 techniques since almost 180 years [1] [2] [3] . Frequently, lipids and [27] [28] [29] , lipids bound to polar headgroups can be recovered with 49 highly polar solvents including water-based solutions as, e.g., in the 50 classical Bligh and Dyer method [30] . The current protocol aims at 51 the investigation of free extractable lipids ( Fig. 1) but not highly 52 polar ones. So far, especially extractable lipids have been described 53 to have high potential for preservation in geologically relevant 54 timescales, thus providing environmentally significant biomarkers 55 [31] in the long term. After extraction, lipid extracts can be either 56 analyzed by gas chromatography after derivatization [32] , or 57 extracts are split into subfractions to avoid co-elution of substances 58 during gas-chromatographic analyses [27] and further to enable 59 proper compound-specific isotope investigations [19] . The aim of ally recommended to use pre-cleaned or new glassware, the latter Fig. 1 Schematic summary of sample preparation, extraction, purification, and gas-chromatographic analysis of free extractable lipids described in the current protocol. Bold terms within boxes mark the most important parts, i.e., initial samples, extracts, and fractions that can be subjected to GC measurement and GC analysis itself. Small numbers written in bold and italic letters refer to the sections where the respective step is described in detail. HC hydrocarbon, NSO heterofunctionalized organic compounds containing nitrogen, oxygen, and sulfur especially relevant for pasteur pipettes, sample and fraction vials, 
Soxhlet Extraction
176
The classical Soxhlet extraction can be applied to any sample type.
177
It is characterized by high reproducibility and is thus still a standard 178 technique in geochemistry and food chemistry [37] . However, e.g.,
179
accelerated solvent extraction (ASE) can be used instead [27, 38] Soxhlet extraction is described for three different sample sizes. 4. After 60 s, remove sample from solvent using tweezers. 3. Add plug of pre-extracted or combusted glass wool to extrac-556 tion thimble (Fig. 2) . 
Remove air bubbles from silica gel (see Note 8).
Analysis of Lipids and Polycyclic Aromatic Hydrocarbons. . . ther at 2 C/min until 210 C and 3 C/min until 320 C.
909
The final temperature is kept constant for 20 min. from alkylated phenanthrenes (methyl phenanthrene
